Objectives: We measured health inequalities among employed Luxembourg residents over time and the socio-economic and work-related determinants. Design and Setting: Longitudinal data were obtained from the So Their importance varies according to work-related characteristics and economic activity. Our findings showed that declined health status was associated with contract type, profession, and economic activity. This suggests that measures should be taken to maintain good health for people working in these specific occupations or economic sectors (e.g. preventive action, reduction of risk exposure, change of occupation in the same company, and so on).
Introduction
Many studies have shown links between health and employment [1] [2] [3] [4] [5] . The work-related factors that can lead to health inequalities are multidimensional including income inequalities [6] [7] ; different contract types [8] ; the heterogeneity of the working conditions, specifically physical and mental difficulty; and the various types of career paths [9] [10] [11] [12] . However, the causal relationship between health and employment is often debated [13] . Indeed, difficult working conditions or a stressful environment can lead to a deterioration of self-reported health [14] . Meanwhile, self-reported health itself is likely to cause career interruption or an early exit from the labour market [4] [15] .
In the European Union (EU), the percentage of employees with fixed-term contracts or other temporary contracts was lower and stable between 2003 and 2015, respectively 13% and 14% [16] . However, these national averages hide disparities with respect to certain characteristics related to the individual and his or her career, such as education level, economic activity, or occupation. For instance, the employment rate is lower for those who are less qualified (44% in 2015) compared with those who are more qualified (83% in 2015) [17] where sectorial heterogeneity exists in the duration of contracts. Research has already shown that disparities in working conditions could lead to adverse health effects and to health inequalities. This has been demonstrated in the Netherlands, where poor self-reported health is associated with hazardous physical working conditions [18] . Across the initial EU's 15-member states, Benavides also showed positive correlations between precarious employment and fatigue, backache, and muscular pain [19] .
Specifically, in Luxembourg, with 10% of employees in temporary employment in 2015 [16] Luxembourg is one of the EU28 countries with a lower share of employees with fixed-term contracts or other temporary contracts. Therefore, this study addressed the relationship between health and employment by highlighting the role of socio-economic factors and work-related factors on health [20] [21] [22] [23] . The aim of this study was to measure the health inequalities among employed individuals over time and the socio-economic and work-related determinants among Luxembourg residents from 2003 to 2012. Health been conducted each year since 2003. However, since 2009, EUROSTAT (The Statistical Office of the European Communities) requires that one-quarter of the sample is renewed. This face-to-face survey focuses on a sample of households (5750 households, representing approximately 10,000 people) who live in Luxembourg and who have an affiliation with the Luxembourg social security system. All interviewers were able to speak the three official languages of Luxembourg (Luxembourgish, French and German). On average, an interview takes place for one hour; but it depends mostly on the number of people in the household. This survey has the advantage of providing both cross-sectional and longitudinal data. The cross-sectional data pool of the EU-SILC allows researchers to track changes in the income and living conditions of households for use in social protection policies [24] . The National Commission for Data Protection in Luxembourg approved the survey design and questionnaires.
In this study, the longitudinal sample included people aged 21 -55 years who were present and employed in both 2003 and 2012. Therefore, 727 Luxembourg residents (58% men) were analysed.
Measures
The self-reported health was considered as a dependent variable in this study. The variable regarding the self-reported health of individuals at the time of the survey was derived from the question: "How do you qualify your overall health?" The answer has five components: very good, good, fair, bad, and very bad. Health status was poor when a person declares fair, bad, or very bad health, and is considered as good when the individual reports to be in good or very good health. Self-reported health is subjective information, which can be affected by the past health of an individual, his actual health (outside of the framework of employment) or other sociocultural factors. However, this indicator is widely used in many studies [12] [18] [25] . It is usually considered in the literature as a reliable indicator in a population's health evaluation studies [26] . Self-reported health was considered as a robust predictor of life mortality [27] .
The presence of any chronic (long-standing) illness and of any limitation in activities because of health problems are other parameters that can influence the overall perception of individuals of their self-reported health and this can reflect an overall health status running for several years. These health variables were assessed respectively by follow-up questions: "Do you suffer from/have any chronic (long-standing) illness or condition (health problem)?" and "For at least the last 6 months, have you been limited in activities people usually do because of a health problem?" (If limited, specify whether strongly limited or limited). Demographic variables examined included sex, age, nationality (Luxembourgish, Portuguese, and others), and marital status (never married, married, and separated/divorced/widower).
The socio-economic and work-related variables comprised the following: 1) Education level (primary, secondary, and tertiary Transition indicators on worked-related factors Transition indicators on work-related factors were created to consider the changes that individuals may have experienced in their job from 2003-2012 and to assess the consequences of these changes in self-reported health [25] . They concerned professional advancement through a change in occupation, the evolution of contract type and the duration of the occupation, wage changes, and the continuity and stability of the career path by considering the frequency of employment changes and the number of unemployment periods (see Appendix).
Changes 
Statistical Analysis
In the first step, we analysed the relationship between the trajectory of self-reported
health status and the individual characteristics and worked-related factors.
The p-values were calculated by using the Chi-square test (threshold p-value < 5%).
In the second step, two logistic regression models groups were used to assess the influence of education and work-related factors on the inequality in self-reported The univariable odds-ratio of the model 1 assess the probability of being in poor health by using only one independent variable (or covariate), while the multivariable odds-ratio in the model 2 includes all covariates. The results are significant to the error threshold of 5%. Furthermore, due to the small sample, the generalised estimation equation (GEE) models were not used. All statistical analyses were performed using SAS 9.4 software (SAS Institute Inc., USA).
Results
Descriptive analyses showed links between education level, change in economic activity, occupation, type of contract, working time, and change in earnings on the one hand, and an individual's self-reported health and its evolution over time on the other (Table 1) . Workers with a primary-level education were more likely to be in fair or poor health (31.7%) compared to workers with a secondary-(19.2%) or tertiary-level of education (12.4%). These workers were also In Table 2 , logistic regression modelling showed that being in poor health was associated with a change in work-related factors, particularly in the univariable (or unadjusted) models. The probability of being in poor health was the highest among people who stayed in a job of a lower level, a non-permanent contract, In Table 3 
Discussion
The results of this study showed health inequalities among the employed cohort between 2003 and 2012. These inequalities in self-reported health were associated with wage level, economic activity, occupation, type of contract, and evolution in the type of job.
Our findings showed that people who experienced a negative evolution of than those who did not [25] . About the deterioration of self-reported health between 2003 and 2012, our results showed that individuals who worked in 2003 in the construction sector had the greatest odds of declining health in 2012 compared to those working in the administration, education, or the health sector. Debrand and Lengagne also studied the link between difficult working conditions such as physically arduous work and self-reported health among older workers [10] . They noted that these workers declared that they were in poor health more frequently than older workers with no difficult working conditions. The association between occupation and self-reported health shows that clerical support workers, service and sales workers, and workers in elementary occupations had a higher risk of perceiving their health as poor or very poor compared to managers and professionals. This result is consistent with Ortiz, who highlights that being workers or employees, as opposed to managers, regardless of their qualifications, increased the probability of poor self-reported health [12] . Moreover, the lowest-qualified workers work more frequently than other workers in the sectors that have harsher working conditions. In Brazil, Szwarcwald and colleagues noted that all other factors being equal, having a position that requires low skills (e.g. manual worker) and having an occupation with precarious working conditions were positively linked to poor self-reported health [31] .
People who had moved from a part-time to a full-time job between 2003 and 2012 were more likely to report poor health than others were. This working-time effect is considered to have detrimental effects on the health and psychological being-well of workers [32] . Furthermore, when examining the employed people with good health in 2003, the risk of a deterioration of their self-reported health in 2012 was higher among those who did not have a permanent contract in 2003. In 2016, Kwon and colleagues found that non-permanent workers were 1.2 times more likely to declare poor health compared to permanent workers who were true even when socio-demographic factors, work environment, and work hazards were adjusted for [33] . Other studies have observed that temporary employment exerts an adverse effect on health, which could be explained by the structural insecurity related to contract and income instability and worse working conditions, compared to workers with open-ended contracts [34] .
Kim combined these two work-related factors in one of his studies and showed that people with a precarious job (i.e. in temporary work or with part-time and or fixed-term contracts) declared more frequently than others to be in poor health [35] . In 2017, Bacci and colleagues found that employees with part-time, permanent work and those with full-time, temporary job had a significantly higher disadvantage in self-health status compared to full-time permanent workers [34] . In Japan, Tsurugano and colleagues also compared the self-reported health of two categories of Japanese workers: those with a precarious contract (e.g. part-time work, fixed-term) and those with a permanent contract (survey data based on 205,994 people in 2007) [36] . These authors have shown that precarious contracts were associated with fair or poor self-reported health and psychologi-cal distress and that these results have been particularly significant among people with full-time jobs. The impact of job contracts on health was not obvious among workers working fewer than 40 hours per week compared to full-time workers.
Moreover, Tsurugano and colleagues found links between precarious contracts and fair or poor self-reported health, subjective symptoms, and unhealthy behaviour [36] . Their results suggest that inequality in the workplace, such as having long working hours with a precarious contract, is detrimental to workers' health. As far as temporary work is concerned, Virtanen and colleagues conducted a literature review on the relationship between temporary employment and health [37] . They observed that there was higher psychological morbidity among temporary workers than among permanent workers. Nonetheless, even employees with a permanent contract can face insecurity in their job, which is likely to cause psychological problems or stress and leads to a deterioration in global health [38] .
Limitations and strengths
Our study was based on a longitudinal sample combining ten waves from the EU-SILC. It was a significant advantage to be able to analyse the health changes of employed people. Nevertheless, we did not consider that some of the individuals had exited the labour market and did not return during this period. Consequently, this has greatly reduced the sample size. It has also prevented us from categorising some explanatory variables more accurately. The lack of some important variables related to employment, which may have a direct or indirect link with self-reported health such as autonomy in tasks or latitude in decision-making, stressful or arduous working conditions, or even the feeling of either job insecurity and instability or job satisfaction is also a study limitation [8] [9] [10] [39] . Nevertheless, we consider that these aspects could have been implicitly integrated by the other variables we used (e.g. type of contract, economic activity, and occupation).
Due to the small sample, it was not possible to conduct analyses by sex like Schrijvers [18] , and Liukkonen [40] did. Indeed, women and men often have different career paths because women have more frequent career breaks or reductions in their working-time to reconcile their personal and professional life better and this too can be linked with their self-reported health.
Finally, this study presents a selection bias. Indeed, during the study period, some employees with more severe health problems were forced to leave the labour market. There is also a problem of endogeneity in the relationship between employment and health; however, this endogeneity problem is sometimes useful for control purposes, especially in the framework of career-path issues.
Conclusion
Health inequalities occur among employed people, and their importance depends on both work-related characteristics and the type of economic activi- 
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